Abstract-This paper presents the implementation of an Active Distribution Network (ADN) model and its qualitative assessment using different off-line and real-time simulation tools. The objective is to provide software-to-software verification for the establishment of the model as a potential benchmark. Expanding upon the authors' previous work [7], this paper provides additional simulation results, cross-examination of the models, and presents the latest modifications incorporated to address practical considerations. The ADN has multiple voltage levels and features various types of distributed energy resources including solar, wind generators, and storage. It further incorporates control and protection schemes for distributed energy resource units and loads; hence, it adequately represents the complex dynamics of an active distribution grid compared to the existing distribution grid test cases in the literature. As such, the test system can be used by other researchers to test numerical methods and conduct research on Smart Grid control, protection, and dynamic studies.
I. INTRODUCTION
OWER system test cases for simulation studies of active distribution grids are rare. Distribution grid benchmarks in the literature [1] - [4] cannot adequately represent the complex dynamics of an active distribution grid because they often operate at a single voltage level and lack components such as Distributed Energy Resources (DER) and protection systems. Reference [1] has presented a medium voltage (MV) and a low voltage (LV) distribution network benchmark for DER integration; both benchmarks operate at a single voltage level and do not contain DER units. Reference [2] has provided five distribution test feeders; although some of them feature two voltage levels, they lack DER units and, hence, do not represent an active grid. Details of these test feeders are available online at [3] . Reference [4] has presented a test distribution feeder which operates at a single voltage level and lacks DER units.
To address the abovementioned gap in the literature, [5] - [8] Paper submitted to the Electrical Power and Energy Conference (EPEC2017), Saskatoon, SK, Canada, October 22-25, 2017.
have presented an Active Distribution Network (ADN) model which features various voltage levels and DER unit models including control and protection schemes. Reference [5] has presented a MATLAB/Simulink implementation of the model that has been modified for use in the Opal-RT real-time simulator using the stub-line simulation technique. Reference [6] has shown that the stub-line implementation suffers from accuracy issues and presented another implementation using the state-space nodal analysis method (SSN) [9] to address the accuracy problem. Reference [6] has further developed an offline (non-real-time) implementation of the ADN that uses standard Simulink solvers and Simscape Power Systems (SPS) models [10] . The paper has shown that the results of the SSN and SPS implementations match closely. To further verify the ADN model implementations, [7] has presented another implementation within the EMTP-RV software environment for off-line simulations and compared the results to the SSN implementation. The paper has shown that the results from the EMTP and SSN implementations are adequate, but present inconsistencies due to modeling differences. The abovementioned model implementations are available online in the Github platform [8] . This paper presents the latest version of the ADN which improves the consistency of simulation results and features additional protection functions. To achieve a higher consistency, the models have been decomposed into components, and a component-by-component crossexamination has been performed between the EMTP-RV and SSN implementations. Next, the entire model has been crossexamined. This paper also presents the three-phase power flow solution of the ADN.
The model presented in this paper and its simulation with different tools provides the software-to-software verification basis for the establishment of the model as a potential benchmark. The model can be used by other researchers for testing numerical methods and conducting research on Smart Grid, control, protection, and dynamic studies. hence, the ADN can be operated as a micro grid. The DER includes wind, solar, and storage component models. The model of the DERs includes power electronic interfaces, control, and protection schemes. System loads include both three-phase and single-phase static loads as well as motor loads. The ADN model also includes voltage, current, and frequency protection schemes for DER units, feeders, and loads. Reference [5] has presented the details of the component models. It should be mentioned that the ADN model presented in this paper uses accurate time-domain models for all components and, therefore, may be used for the simulation of fast electromagnetic transient events under adequate assumptions 1 . 1 Note that certain components and portions of the model are represented with Reference [6] has developed an implementation of the test ADN for real-time simulations in the Opal-RT simulator employing the SSN technique. Reference [7] has developed an implementation within EMTP-RV for off-line simulations; it contains no artificial delay blocks and uses an iterative solver for nonlinear functions. The paper has shown that the simulation results of the SSN and EMTP-RV are adequate, but present inconsistencies. This paper presents the latest implementation of the ADN in EMTP-RV and using SSN. The latest version incorporates additional protection functions and achieves a better match between the results of the two implementations. The next section presents these modifications.
II. THE ACTIVE DISTRIBUTION NETWORK MODEL

III. MODIFICATIONS
The latest version of the ADN incorporates three main modifications with respect to the older version presented in [6] lumped parameter models, and thus, some electromagnetic transient phenomena cannot be represented without modifying the model accordingly. 
A. Overcurrent Protection for Motor Loads
A time-definite overcurrent protection has been added to motor loads (single-and three-phase) which disconnects the load if the terminal current exceeds 5pu for more than 1s. The reconnection time of motor loads have also been changed to 25s. In three-phase motor loads, the overcurrent protection measures the positive sequence current whereas in singlephase motors, it measures the phase current. 2 shows the response of the three-phase motor load on bus 860 to a 200ms three-phase fault at its terminals; the results shown here were obtained using EMTP. As shown, following the fault at t=5s, the terminal voltage shown in Fig.  2 (a) drops and the motor stalls. Consequently, the real and reactive power consumption and the positive-sequence terminal current of the motor increase as shown in Fig.  2(b) ,.(c). Because the current exceeds 5pu for more than 1s during the stalling mode, the overcurrent protection issues a tripping signal to disconnect the motor as shown in Fig. 2(d) . The motor gets reconnected after 25s (not shown.)
B. Modified Model of the Electric Power System
The model of the Electric Power System (EPS) has also been modified using the parameters of Table 1 . The changes made to the EPS model alter the previously obtained power flow solution, as presented in Table 2 .
C. Modified Control Schemes
In the previous version of the ADN model [7] , the models of the EPS and DER units of the EMTP-RV and SSN implementations only match in terms of their output in steadystate real and reactive powers. The latest version presented in this paper improves the matching between these models to under two load changes at t=4s and t=5s. The peak value of the waveform of Fig. 3(b) at 4s is different by 4.7% in the SSN and EMTP implementations. This difference is 1.5% in Fig. 3(c) for the peak value at 5s and 11.5% in Fig. 3(d) for the peak value at 5.2s. The results demonstrate an acceptable agreement between the two models. Fig. 4 cross-examines the response of the wind generator model of EMTP-RV versus SSN under a load change at t=5s showing the d-and q-axis components of terminal current in_pu. For the first peak at 5.002s the difference between the results of EMTP and SSN is 12.5% while this difference is 14.5% for the second peak at 5.005s. It should be mentioned that the results of Fig. 4 show some inconsistencies due to modeling differences including different PLL models and signal filtering schemes. Table 2 presents the power flow solution of the latest version of the ADN obtained in EMTP. This solution slightly differs from that of the previous version [7] due to the change in the EPS model. As shown, the voltage amplitude is between 0.99pu and 1.06pu indicating an acceptable solution. The voltage amplitudes are generally larger than those of the previous version [7] due to the removal of the transformer interfacing the synchronous generator of the EPS to the rest of the grid. The power flow solution illustrates that the ADN is unbalanced due to the presence of unbalanced three-phase loads, single-phase loads, and single-phase residential PV units.
IV. SIMULATION RESULTS
To examine time-domain results, the fault scenario of [7] has been repeated here which studies a 6-cycle three-phase bolted fault on the MV feeder at bus 858 at t=50s followed by the opening of the three-phase MV recloser at the feeder section 832-858 after 2 cycles. The opening and re-closure times of the MV breaker are 50.033s and 50.2331s, respectively. Fig. 5 shows the rms value of the voltage of phase of bus 832 in response to the fault obtained from the SSN (solid-blue trace) and the EMTP (dashed-black trace) models. As shown, the voltage waveforms match more closely compared to the previous version (see Fig. 3 (a) of [7] ) specifically with regards to the voltage undershoot due to the re-closure of the breaker at t=50.2331s. The peak value of the waveforms shows a difference of 1.0% in the overshoot at 50.05s and 1.2% in the undershoot at 50.3s, respectively To further improve the consistency of results, the following changes need to be made in future implementations:
• Matching PV models: in the latest version, the PV units of the EMTP-RV and SSN implementations provide the same steady-state output powers, nonetheless, their transient response differs significantly. This is due to the difference in the control scheme parameters and power circuit of the PV unit models. Future implementations of the ADN may improve the consistency of results by matching the model of the PV units.
• Load models: The SSN implementation models the loads as constant-power, constant-current, or constant-impedance loads whereas the latest EMTP implementation models the loads as constant-impedance for simplicity. These load models are available in EMTP and can be incorporated in future implementations of the ADN to match the results more closely.
V. CONCLUSIONS
Expanding upon the authors' previous work [5] - [8] , this paper has presented the latest version of an Active Distribution Network test system for Smart Grid, control, protection, and dynamic studies. The latest version includes additional protection functions and modifications to reduce modeling differences of the EMTP and SSN implementations. The paper has qualitatively shown that these modifications have resulted in a closer match between the results of the two implementations compared to the old version. The presented simulation results serve as a further step towards software-tosoftware validation of the test ADN.
VI. APPENDIX Table 2 presents the power-flow solution of the ADN obtained in EMTP.
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